ABSTRACT The effect of a newly developed anti-LH-RH vaccine on the performance, sexual development, and incidence of boar taint-related compounds was investigated in young intact male pigs. At 29 kg BW, 40 crossbred intact males and 20 castrates were allocated to three groups. Castrates and half of the intact males were untreated. The remaining intact males were immunized against LH-RH at 29 kg and again at 89 kg BW. All pigs were slaughtered at 105 kg BW. Compared with control intact males, feed efficiency in castrates was decreased by lo%, muscle content was reduced by 5%, and carcass fat content was increased by 26%. Growth performance and carcass traits did not differ significantly between immunized and control intact males. Genital tract
Introduction
Intact male pigs have better growth performance and carcass composition traits than castrates (Walstra, 1974) ; however, their meat may exhibit objectionable odors, known as boar taint or boar odor. Compounds responsible for boar taint include skatole, a product of tryptophan breakdown in the gut (e.g., Lundstrom et al., 1988) and testicular 16-androstene steroids (Beery et al., 1971; Thompson et al., 1972; Brooks and Pearson, 19891 , mainly androstenone (5a-androst-16-ene-3-one; Patterson, 1968) .
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J. Anim. Sci. 1994 . 72:14-20 1982 Williamson et al., 1985) or C19-Al6 steroids (Brooks et al., 1986) can be successful. However, the reduction in fat androstenone level or boar odor intensity obtained was not sufficient. The level of androstenone in fat drops sharply after castration (Claus, 1976) , its half life being in the range of a few days (Bonneau et al., 1982) . The level of skatole in fat might also decrease after castration because it depends on the presence of the testes and its half life is short (Friis, 1993) . Immunization of young intact male pigs against LHRH is effective in inhibiting genital tract development and reducing plasma gonadotropin and testosterone levels (Caraty and Bonneau, 1986; Falvo et al., 1986; Hagen et al., 1988; Meloen et al., 1992) . Anti-LHRH immunization may lead to a sharp decrease in fat androstenone levels (Caraty and Bonneau, 1986 ) and a reduction of olfactory assessed boar taint (Falvo et al., 1986) . However, none of the immunization schedules used in the previous studies can be used in practical swine production. Therefore, there is a need for the development of new anti-LHRH immunization methods, using a less drastic adjuvant and(or) requiring fewer injections.
The aim of the present experiment was to investigate the effects of a newly developed anti-LHRH vaccine on the performance, testicular steroid synthesis, and fat levels of androstenone and skatole in young intact male pigs. Castrates were included in the experiment to compare the respective effects of early surgical castration and late "immunocastration" on the performance of the animals.
Experimental Procedures

Animals and Experimental Design
A total of 60 Large White x Pietrain male pigs from 20 litters (one castrate and two intact males per litter) were involved in the experiment. A randomized complete block design with three treatments in 20 blocks was used, each block consisting of littermates. At 29 kg BW, one intact male from each litter was immunized against LHRH, whereas its intact male and castrate littermates were left as controls. At 89 kg BW, a blood sample was taken from intact males for subsequent measurement of anti-LHRH antibody titers and plasma testosterone levels. Immediately after blood sampling, the previously immunized intact males received a booster injection of immunogen (second immunization). Control intact males and castrates were not injected with vehicle, because the purpose of the experiment was to measure the effect of the immunization procedure (effect of anti-LHRH immunization and possible effects of adjuvants) vs totally untreated pigs, corresponding to the current practice.
The animals were placed in individual pens, and were given ad libitum access to a cereal-soybean meal diet formulated to contain 12.9 MJ of DE per kilogram, 17.3% CP, and 3 3 % lysine. Feed intake was recorded for each individual pig to calculate feed efficiency. The animals were reared in compliance with national regulations for the humane care and use of the animals in research.
Immunization Procedure
Luteinizing hormone-releasing hormone was conjugated to a-globulin by the carbodiimid reaction. For the first immunization, performed at 29 kg BW, the conjugate was emulsified with highly purified mineral oil. For the second immunization, performed at 89 kg BW, an aqueous solution of the conjugate was prepared, with saponin as an adjuvant.
One milliliter of solution was injected at each immunization, using a transdermal, needleless device. Five injections were given at five different points behind the ears, each delivering .2 mL.
Measurements at Slaughter
The animals were slaughtered at 105 kg BW, using low voltage electrical stunning. Blood was taken from intact males for subsequent measurement of anti-LHRH antibody titers and plasma testosterone levels. A sample of testis (approximately 5 g) was taken immediately after bleeding and frozen in liquid nitrogen for subsequent measurement of androgen and 16-androstene steroid biosynthesis rates. Reproductive organs (testes, epididymes, seminal vesicles, and bulbo-urethral glands) were removed, trimmed, and weighed. Samples of backfat were taken in the neck area for subsequent measurements of androstenone and skatole concentrations. Carcass weight was recorded 40 min after slaughter. After chilling for 24 h at 2"C, the left side of the carcass was weighed and cut according to procedures described by Ollivier ( 19 7 0).
Muscle and fat contents of the carcass were then calculated, as described by Desmoulin et al. (1988) . The following equations were used: Muscle ( % ) = 100 
Determination of Anti-Luteinizing HormoneReleasing Hormone Antibody Titers
Serum anti-LHRH antibodies were detected by measuring specific binding to [12511-labeled LHRH, according to a previously described method (Jeffcoate et al., 1974) . The antibody titer was the final dilution of serum giving 50% specific binding. Nonspecific binding was measured with serum from nonimmunized animals and was found to be e 5%.
Measurements of Skatole and Steroids
Skatole levels were measured in fat samples according to a previously described colorimetric method (Mortensen and Sorensen, 1984) . Sensitivity was .02 pglg and the CV for .25 pglg was 4%. Plasma testosterone was measured with a direct doubleantibody liquid phase RIA with [1251]-labeled testosterone as a tracer, according to a previously described method (Painter and Niswender, 1979) . Sensitivity was .2 ng/mL. Intra-and interassay CV were 9 and lo%, respectively. Androstenone levels were measured in fat samples according to a previously described RIA (Uzu and Bonneau, 1980) . Specific antiserum against androstenone was donated by R. Claus (Universitat Hohenheim, Germany). Sensitivity was .15 pg/g and interassay CV for 1 pg/g was 12%.
Assays for the measurement of the rates of testicular biosynthesis of 16-androstene and androgen steroids were performed according to a previously described procedure (Bonneau et al., 1992a) .
Statistical Analyses
Data were analyzed by ANOVA using the GLM procedure (SAS, 1988). For performance and carcass traits, the statistical model included the main effects of treatment group (castrates vs control intact males vs immunized intact males) and litter origin. Tukey's test was used to separate means. For the other traits, measured in intact males only, the statistical model included the main effects of immunization and litter origin.
Results
Local inflammatory reactions, apparent for a few weeks, were observed in all pigs at the injection site after the first immunization. However, no local reaction was noticed after the second immunization, in which an aqueous solution of the antigen was injected.
Anti-Luteinizing Hormone-Releasing Hormone Antibody Titers
None of the control intact males exhibited detectable anti-LHRH antibody titers in plasma. In immunized intact males, antibody titers were very low at 89 kg (68 k 8; mean k SEM). They were not detectable in 14 of the 20 animals, and were e 200 in the remaining six pigs. Antibody titers were much higher at 105 kg (864 k 270), however, they were highly variable between animals, ranging from not detectable to 4,700.
Growth Performance and Carcass Traits Differences Between Castrates and Control Intact
Males. For the whole period between 29 and 105 kg BW, the growth rate was similar in castrates and control intact males (Table 1 ) . However, castrates consumed 13% more feed per day and had a 10% lower feed efficiency than control intact males. Dressing percentage was 1.2 units higher in castrates than in control intact males ( Table 2 ) . Relative to control intact males, castrates had lighter head (-9%), feet (-ll%), loin (-4%), ham (-3%), and shoulder plus picnic ( -5%) joints, and heavier fatty joints (kidney fat +58%, backfat +24%, belly +6%). Estimated muscle content of the carcass was 2.8 units of percentage lower, whereas fat content was 4.8 units of percentage higher in castrates than in control intact males.
Differences Between Immunized and Control Intact Males
Growth performance criteria were similar in immunized and control intact males (Table l) , both before and after 89 kg BW, when the second immunization was performed. Most carcass traits of immunized intact males were intermediate between those of castrates and control intact males (Table 2 ) . However, they were closer to control intact males than to castrates. None of the measured traits differed significantly between immunized and control intact males.
Genital Tract Development
Genital tract development was inhibited by anti-LHRH immunization (Table 3 ) . Relative to control bProbability level for the significance of differences between treatment groups. Means in the same line with unlike superscripts differ ( P < 'Estimated (see Experimental Procedure section).
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intact males, the reduction in gland weights was 16% for testes ( P = .002), 20% for epididymes, 64% for seminal vesicles, and 35% for bulbo-urethral glands ( P < . O O l ) .
Plasma Testosterone and Fat Androstenone and Skatole Concentrations
Plasma testosterone concentrations, measured at 89 kg BW, did not differ significantly between immunized and control intact males (Table 4) . They were sevenfold lower ( P < .OOl> in immunized than in control intact males at 105 kg. Within the immunized intact male group, there was a significant negative correlation ( r = -.60; P = .005) between plasma testosterone concentrations and anti-LHRH antibody titers (Figure l a ) .
Androstenone levels in the fat were substantially reduced by anti-LHRH immunization from .66 to .21 pg/g ( Table 4 ). Variability in fat androstenone levels was also sharply decreased, as illustrated in Figure  lb . There was no significant correlation between fat androstenone levels and anti-LHRH antibody titers ( r = -.15; P = .52). 
Rates of Testicular 16-Androstene and Androgen Biosynthesis
Immunization against LHRH substantially reduced the testicular biosynthesis rates of 16-androstenes ( -37%; P = .002) and androgens ( -20%; P = .03; Table  4 ). Both rates were negatively correlated with anti-LHRH antibody titer (16-androstenes: r = -.41, P = .09; androgens: r = -52, P = .03).
Discussion
The purpose of the proposed immunization schedule against LHRH was to achieve an ' ' i m r n~n~~a~t r a t i o n~~ effect, which would be minimum during most of the productive life of the animal, to retain the advantages of the intact male over the castrated male, and maximum just a few weeks before slaughter, to decrease fat androstenone and skatole concentrations to acceptable levels. The animals were "primed" with a first injection performed at 29 kg BW, and "boosted with a second injection a t 89 kg BW, approximately 2 wk before slaughter at 105 kg BW.
Very low anti-LHRH antibody titers were measured at 89 kg BW, 9.4 wk after the first immunization. High antibody titers were measured at 105 kg BW, 2.1 wk after the second "booster" immunization. Antibody production in response to anti-LHRH immunization was highly variable between animals, as was observed in previous anti-LHRH immunization trials on intact male pigs (e.g., Caraty and Bonneau, 1986; Hagen et al., 1988) . Growth performance and carcass traits were little affected by anti-LHRH immunization. Immunized boars retained 100 and 80% of the advantage of control intact males over castrates for feed efficiency and carcass fat content, respectively. Minimal effects of anti-LHRH immunization on performance and carcass traits have been previously reported by Falvo et al. (1986) . However, feed efficiency, which is a very important economic criterion, was not measured. Moreover, there was no totally untreated control intact males in their experiment, so that immunized intact males were compared to animals receiving adjuvant, which may have a detrimental effect per se. The present experiment is, therefore, the first report demonstrating that anti-LHRH immunization can be achieved and can have a limited effect on performance and carcass composition, compared with animals reared according to the current commercial practice.
In accordance with previous reports (Falvo et al., 1986; Hagen et al., 1988; Meloen et al., 19921, anti-LHRH immunization inhibited the development of the genital tract and decreased plasma testosterone levels. The atrophy of testis and accessory sex glands was much less than that reported by Falvo et al. (1986) or Meloen et al. (1992) . However, in both studies immunization schedules were devised in such a way as to achieve complete antibody response much sooner than in the present experiment. The observation that immunized intact males still had close to normal testosterone levels at 89 kg BW, 2 wk before slaughter, accounts for the moderate inhibition of genital tract development. It also explains why the performance of the animals was only marginally affected by anti-LHRH immunization.
Both the mean and variability of fat androstenone levels were substantially reduced by immunization, in accordance with our previous findings obtained with repeated injections of antigen with Freund's adjuvant (Caraty and Bonneau, 1986) . Recent results from this laboratory (Bonneau et al., 1992b) suggest that .5 pg of androstenone per gram of fat may be considered as a reasonable threshold level for the detection of boar taint in fresh pork. Whereas 63% of control intact males exhibited fat androstenone levels > .5 pg/g, concentrations in immunized intact males all fell below that limit.
The decrease in fat androstenone levels was the result of the overall reduction in testicular steroid production demonstrated by the decline in steroid biosynthesis rates measured in vitro. The decrease in the biosynthesis rate of 16-androstenes ( 3 7 %) was more distinct than that of androgens (20%)' and it was less dependent on the intensity of the anti-LHRH antibody production. The reasons for the difference between 16-androstene and androgen steroids in their sensitivity to gonadotropin deprivation remain unclear.
Higher reduction in 16-androstene than in androgen biosynthesis capacity of the testis may explain why fat androstenone levels were low in all immunized intact males, whatever the antibody titer achieved, whereas plasma testosterone concentrations were still relatively high (although reduced compared to control) in animals with low antibody titers. Another complementary explanation can be found in the fact that a significant proportion of male pigs have a poor capacity for androstenone production, although they have normal sexual development and plasma testosterone secretion (Bonneau et al., 1987) .
The proposed anti-LHRH immunization schedule involves only two injections of antigen, carried out with an easy-to-use, transdermal, needleless injection device. The first administration of antigen could be done at the same time as other vaccinations, therefore adding no extra work load. Performing the second immunization with an aqueous preparation prevents the formation of unwanted skin lesions in the injection area, which would still be visible by the time of slaughter. Immunized intact males retained most of their advantage over castrates while fat androstenone levels were sharply reduced, so that none of the immunized vs nearly two thirds of the control intact males exhibited fat androstenone levels > .5 pg/g. Plasma testosterone, ng/mI significant increase in the efficiency of lean meat production. 
Implications
Immunization against luteinizing hormone-releasing hormone, using the described vaccine and schedule of vaccination, was very effective in reducing the incidence of boar taint, although having a limited effect on the performance of intact males. The control of boar taint through immunization against luteinizing hormone-releasing hormone will allow the use of intact males for pork production. This will result in a
